
February 2 5 ,  1988 
File: Tbpt-631 

M r .  Alan I. Roberts, Director 
Office of Hazardous Materials Regulations 
Research & Special Projects Administration 
U.S.  Department of Transportation 
400 Seventh St. SW 
Washington, DC 20590 

Subject: Seasonal Filling Densities for LP-Gas Cargo Tanks 

Dear Mr. Roberts: 

NLPGA recommends amendment of Section 173.315(b) of the Hazardous 
Materials Regulations to provide increased filling limits of liquefied 
petroleum gas (LP-gas) cargo tanks. Limiting conditions and a revision to 
Table 173.315(b) are enclosed. 

The National LP-Gas Association (NLPGA) is the national trade 
association of the LP-gas industry with a membership over 4,100, including 47 
affiliated state and regional association representing all 50 states. A very 
significant part of our membership are local LP-gas retail marketers, though 
our membership also includes common and contract motor carriers of LP-gas. 
Thus, our members have a very direct and concerned interest for regulations 
that affect the design and operation of MC-330 and MC-331 cargo tanks. 

~ - 
In support of this proposed amendment,we z?TFfniclosinq a repoF€;of- 

research performed on tank filling densities by the School of ChemicaF 
Engineering, Oklahoma State University, Stillwater, Oklahoma. This research 
was initiated by the National LP-Gas Association with the University in 1969 
and after an unavoidable delay was completed in 1978. 
originally submitted to DOT by NLPGA in a petition for rule making dated 
October 23, 1978. 
1986 with the request that the proposal be reviewed to determine if it was 
still valid considering recent changes in technology and regulations. 

~~ 

This data was 

The petition was subsequently returned by DOT on May 20, 

This letter resubmits a proposed change to the Hazardous Materials 
Regulations along with this OSU research report. 
and Special Duty Propane (see ASTM D-1835, copy enclosed), the data in this 
research report indicates the following change can be made with no sacrifice 
in safety. 
the table in Section 173.315(b). 

As applied to Commercial 

These changes are reflected in the following proposed addition to 

Winter (November through March) filling of cargo tanks: 

A filling density of 47.5% of water weight capacity for two ranges of 
specific gravity "0.496 to 0.503" and "0.504 to 0.510" for over the road 
cargo tanks, provided (1) these containers are normally emptied within 
three days of filling and (2) these containers are filled at liquid 
temperatures below 70 F. 
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These changes would contribute materially toward the conservation of 
energy resources by reducing the number of trips necessary to transport this 
fuel to the consumer. From a safety standpoint, a reduction in the number of 
trips would also reduce the overall exposure of tank trucks to the highway 
environment. The Winter is a peak period for transportation of propane. By 
permitting trucks to carry more product per trip under the qualifications set 
out, consumer outages attributed to transportation problems during extreme 
weather conditions would be minimized. In summary, we feel that adoption of 
the proposed changes would be beneficial to the consumer, the industry and 
the government. 

LP-gas cargo tanks are of two basic types - bobtails and highway 
transports. 
bobtail is 2,000 to 3,500 gallons water capacity (gwc) with 2,500 gwc being a 
typical size. 

Bobtails are local delivery units; the common capacity of a 

Highway transports are articulated units, commonly called semi-trailers, 
and are pulled by highway tractors. 
of 7,500-11,000 gwc, may range several hundred miles or more, and are used 
primarily for distance bulk transportation of LP-gas between pipeline 
terminals and local distribution facilities. There is a third type (used 
mostly on the West Coast) that uses a large, tandem-axle bobtail unit in 
combination with a second cargo tank mounted as a full trailer. These 
combination units transport LP-gas in the same general quantities as a 
highway transport unit, and would have the same economic benefits as a 
transport with respect to seasonal filling densities. 

These vehicles usually have a capacity 

There are an estimated 6,000 highway transports in the United States 
transporting. The annual savings in delivery costs would be about 
$17,400,000. There are an estimated 18,000 bobtails in the United States in 
LP-gas service. The approximate annual savings for these vehicles is 
$19,350,000. The derivation of these respective savings is enclosed. 

In addition to the economic benefit that would be realized with these 
winter filling densities, there would be a contribution towards improved 
safety in transportation. Any time that it becomes possible to decrease the 
number of vehicle movements over the highways, there is a demonstrated 
improvement in safety. This improvement occurs because the number of 
possibilities for an incident to occur have been reduced. Thus, the economic 
benefit provided by the higher winter filling densities would be supplemented 
by improved safety experience in LP-gas transportation. 
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We have heard various concerns expressed for the possible effect of 
seasonal filling densities upon LP-gas tank trucks in areas such a5 Puerto 
Rico, where there are virtually no seasonal temperature changes. Enclosed is 
a copy of temperature data for San Juan, Puerto Rico covering the period 
1898-1947; this data was obtained from the National Oceanic and Atmospheric 
Administration, National Meteorological Center. The center column shows 
maximum and minimum temperatures recorded in the particular month. For the 
48-year period, the maximum daily temperature in the months November-March 
was 93 F, well below the 120 F maximum daily temperature recorded for Yuma, 
Arizona for a 69-year period. Similar data for Yuma provided by NOAA also is 
enclosed. Thus, there would be no adverse effect upon LP-gas shipments in 
Puerto Rico using the proposed winter filling densities. Yuma, Arizona is 
one of the data points included in the research conducted by Oklahoma State 
University referenced earlier in this letter. 

We would be glad to discuss the research data and this petition for rule 
making at your convenience. 
also are available to discuss the more technical aspects of the research work 
and report. 

Representatives of Oklahoma State University 

Sincerely, 

W. H. Butterbaugh, CA% 
Assistant Vice President 
Technical Services 

m / c 1  

Enclosures 



q o p c  . 
1 .  I ; jrpecification covers 'those prod- 
5 comm'only rcfcrred to as liquefied petro- 
n gases. 
2 This specrfication is applicable to prod- 
i intended for use as domestic, commer- 
. industrial, and engine fuels. 
3 This specification is for use in formulat- 
specifications for required properties of 
tfied pctrolcum gases at the lime ofdeliv- 
r; bulk. 

pkahie Documen& 
ASTM Standards: 

265 Sampling Liquefied Petroleum (LP) 
iases2 
267 Tcst for Vapor Pressure of Lique- 
en  Petroleum (LP) Gases (LP-Gas 
leihod)2 
iS7 Test for Spccific Gravity of Light 
ydr bons by Pressure HydrometerO 
137 1 e's& for Volatility of Liquefied Pe- 
oleum (LP) Gases3 
;38 Test for Copper Strip Corrosion by 
iquefied Petroleum (LP) Gases3 
58 Test for Residues in 1,iquefied Pe- 
Ileum (1.P) Gases3 
63 Analysis of Liquefied Pctroleum 
P) Gases and Propylene Concentrates 
Gas Chromato~raahv~ 

leiim Gases (Oxy-Hydrogen Bumer $ 
2.2 Ofher Docirmcnts: .;$ 
GPA Publication 21W 

3. Types 

gases are provided to cover the 
applications, as follows: 

bon product for use where high volatility 
required. 

3.1 Four basic types of liquefied 

FF sm 

ff 
3.1.1 Commercial Propane-A hydrocaf;t. 

3.1.2 Cnmnierical Bidrune-A hydrocd  " 7, 

required. 9 
bon product for use where low volatility '." 

3.1.3 Commercial PB Mixfurps--Mixture& 6 

3. I .4 Specid-Duty Propane-A 

of propane and butane for use whcre interme$ 
diate volatility is required. 

ity product composed chiefly of propaneGt 
which exhibits superior antiknock character-?! 
istics when used as an internal combustha  

4. Detail Requirements 

gases shall conform to the requirements pre-? 
scribed in Table 1. 

5. Sampling 

engine fuel. 9 
Y 
d g 

4.1 The four types of liquefied petroleum;; 

3 5.1 Proper sampling of liquefied Detroteum r 

. .  
d!b D 1835 

TABLE I Detall Requlremenls for Llquencd Prtroleum Gaur 

Product Designation 

ASTM Teat 
Commercial Commercial Commercial Special-Duty Methods 

(=*e 
Section 2) 

~ r>;c&e 31 i0O0F(37.8'C), max, psig 208 70 208 D 1267 or 

-___ 

Propane Butane PB Mixtures Propane" 
- ---- .-- 

B 

b e  1430 485 1430 D 2598 
In 

,,,prated temperature, 95 %, m a ,  "F 
.c -38.3 2.2 2.2 -38.3 D 1837 

36 .3 6 -37 , ,alllc residue: 
-37 

D 2163 
D 2163 
D 2163 

2.5 , . .  . . .  2.S ... 2 .o 2 .o . . .  
. . .  . . .  ... 5.0 

of 
bUune and heavier, max, vol % 
ycntJne and heavier. niax, vol % 

hwvlenr content, max, vol % ..~,, 
p,idual matter: 

rr,idue on evaporation 100 ml, max, ml 0.05 0.05 0.05 0.05 D 2158 
D passC D2158 

D 1657 or 
D 2598 pclJtive ddnhity (specific gravity) at 60/ 

60°F (15.6/15.6T) 
i-,mxion, copper, strip, max No. 1 No. 1 No. 1 No. 1 D 1838 

p i a  mdmS (15.6"C and 101 kPa) 343 343 343 229 D 2184 
p a d  D 2420 

. . .  . . .  P a s  D 2713 

stain obsemation pasc passC P a d  ... 

$ulfur. gmins/100 fP max at 60°F and 14.92 15 15 15 10 

Ifydr0gr.n bulfide content . . .  ... . . .  
. . .  Moisture cantcnt Pa= 

Free u a t u  content * . .  nonc' none' 

" Equivalcnt to Propane HD-5 of GPA Publication 2140. 
9 The permissible vapor preswres of products classified as PI) ,mixtures must not exceed 200 psig (1380 kPa) and 

additionally must not exceed that calculated from the following relationship bctween the o h w e d  vapor prcssure and Ihc 
ohcrved specific gravity: 

Vapor pressure, max = 1167 - 1880 (sp gr 60/6WF) or 1167 - 1880 (density at 15°C) 
A specific mixture shall be designated by the vapor pressure at 100°F in pounds per square inch gage. TO comply with thc 
hignation, the vapor presbure of the mixture shall be within +O to -10 psi o f  i!ie vapor prcssure specified. 

An acccptable product shall not yield a persistent oil ring u'hen 0.3 ml of solvent residue mixture is addcd I O  a fdter 
Pipr,  in 0.1-ml incrrmcnts and examiacd in daylight after 2 min as dcrcrikd in Method D 21 58. 

Although not a px i f ic  requirement, the specific gravity must be dciermined for other purpnscs and should be 
rcprted.  Additionally, the specific gravity of PB mixture is needed to establish the permissihlc maximum vapor pressun 
lue  Footnote b). 

An acccptahlr product shall not show a distinct Coloration. 
' The presence or absence of water shall be determined by visual inspection of the samples on which the gravity is 

determined. 

APPENDIX 

XI .  SIGNIFlCANCE OF ASTM SPECIFXCATIONS FOR LIQUFFIED PETROLEUM (LP) GASES 

xI.1 General duction, and (4 )  as petrochemical raw materials. 
n e  nature of the needs dictates the rcquired corn- 
position characteristics in these various aPPlic?- 
tions. Sirlce the last three uses of those listed are In 
the category of spccialty applications which in- 
volve special requirements. they are excluded from 
consideration in the specifications. 

XI.].? In substance, the ASThi ::peCifications 
for Liquefied Petroleum Gases are  designed t o  
properly define accrphble  products for domest&, 
commercial, and industrial uscs. In  many cases It 
will be found that products n?ceIing the SPecfia- 
tions will also be usable in apphcatlons other than 
the ones for uhich  they ucre dcsiIP+ ?efonow- 
ing may hc acccptcd a?  a W n d  lrvlnc I n  'Ibr more 

xI.1. I Liquefied pefroleum gas products are 
cQmmsed of those rcadily liquefiable hydrocarbon 
CQmpnunds which are produced in the course of 
prowssing natural gas and also in the course ofthe 
cQnvcntional relining of crude oil. The composition 
Of liquefied gases can vary widely depending u F n  
the wurce  and the nature of the treatment to  which 
[he Products have been subjected. 

x1.1.2 There a re  many uses for liquefied pet- 
h m  gases. Important uses are, (I) as domestic, 

and industrial fuels, (2) as a carbon 
material in metal treating operations. (3)  as 

'efinery raw materials for synthctlc garcline pro- 



on use applications of the three types of 

I .3.1 C o m m r r r i d  Propane-This  fuel type 
one preferred for dome.itic, commercial, and 
rial use,  particularly in geographical arcas 
i seasons where low ambient tempcraturcs 
m ” n ,  and uhe re  unifoimity of fuel is an 
!ant consideration. 
1 .3 .2  C o m m e r c i a l  PB Mixtures-This fuel 
since it covers a hroad range of mixtures, 
tr the tailoring of furls to specific needs. The 
I!, iiiixturcs find application as domestic, com- 
al, and industrial fuel in areas and at times 
low ambient temperature conditions are less 
:ritly encountered. 
, I  .3 .3  cwnmrrl . ia l  Birtune-This fuel type 
limit, klication as a doniestic fuel in areas 
rmer L,.,nates. It is similarly used in industrial 
d o n s  where problems of fuel vaporization 

. I  .3 .4  Spe<, ia l -Duty  Proponc--This fuel type 
m i a l  liqueficd petrolcuni gas product tailored 
et  the restrictive needs of internal combustion 
cs operating under moderate to high engine 
ity. Fuel products of this type will be less 
,le in composition and combustion character- 
than the other products covered by this speci- 
in. 
Significance 
.2.1 Since commercial liquefied petroleum 
are essentially either single component prod- 
depending upon fuel type, it follows that all of 
iportant behavior characteristics of such prod- 
:an be defined and controlled by a relatively 
imple measurements. The specification tests 
I are provided achieve the debired result. The 
icance of the various tests as  they may apply 
1 s t ”  problems is summarized here. 
.2.  I. I Vupor P r e s s u r e .  Valoti l iIy,  and Grav- 

.2 .  I b a p o r  Pressure  is an indirect meas- 
f the most extreme low-temperature condi- 
under which initial vaporization can be ex- 
d to take place. I t  can be considered as a 
luantitative nicasure of the amount of the 
volatile material present in the product. It 
also be used as  a means for predicting the 
num pressures which may be experienced at 
ank temperatures. Vapor pressure becomes 
significant when it is related to volatility. 
. 2 . l . 1 . 2  V o l o t i l i f y ,  expressed in terms of the 
cvaporatcd tcmpcrature of the product, is a 
Ire of the amount of least volatile fuel compo- 
>resent in  the product. Coupled with a vapor 
we limit. i t  serves to assure essentially single- 
oncnt products in the cases of commercial 
ne and commercial butane fuel types. When 
lity is coupled with a vapor pressure limit 
I has been related to gravity. a s  i n  the case of 
)nliherciat PB-mixture type of fuels, the com- 
on serves to asslire esbentially two com~ponent 

ures fo; such fuels. When coupled uith a 
e r  vapor pressure limit, this mcasuremcnt 

present. 

. 

D 1835 

scwcs to assurc that special-duty propane products 
will bc composed chicfly of propaiic and propylene 
and that propane will be the major constituent. 

X I  .2. I .  1.3 G r a v i t y ,  by itself. has little signifi- 
cance. It becornes of value only when related to 
vapor pressure and volatility. Since gravity is of 
importance in meeting transportation and storage 
requirements it is always detcrmincd for all lique- 
fied petroleum gas products. 

XI .2.  I .2 O t h e r  Product C h a r a c t e r i s t i c s - - W l ~  
the vaporization arid combustion Characteristics of 
conimercial liquefied gas products are completely 
dcfined for the normal use applications by vapor 
pressure, volatility, and gravity, as  givcn in 
XI .2.1.1, thcre are other itcms w h k h  either afFect 
or might deet the results obtained in some specific 
use applications. For that reason, limits arc speci- 
fied for residue content, copper corrosion, sulfur 
content, moisture content, and free water content 
to provide assurance of product dependability un- 
der the more extreme conditions of use. 

XI .2.1.2.1 R e s i d u e  (End Point  Index) is a meas- 
ure  of the concentration of combustible hydrocar- 
bon matcrials present in the product which are 
substantially less volatile than the liquefied petro- 
leum gas hydrocarbons. Control over residue con- 
tent is of considerable impoi-tance in use applica- 
tions where the fuel is used in liquid feed systems. 
In such cases, failure to limit the permissible con- 
centration of residue materials may result in trou- 
blesome deposits. It is also of importance where 
the fuel vapors a re  withdrawn from the top of the :? 
storage container. In such applications, regulating 
equipment tcnds to become fouled up if cxcessive 
amounts of residue are prcscnt in the field. 

XI.2.1.2.2 C o p p e r  Corros ion limits are for the 
purposc of pioviding assurance that difliculties will 
not be experienced in the deterioration of the c o p  
per and copper-alloy fittings and connections, 
which are commonly used in many types of utiliza- .4 
tion, storage. and transportation equipment. The ‘ 
further provision that special-duty propane prod- 
ucts shall not contain detectable amounts of hydro- 
gen sulfide is an added safeguard included for the 
same purpose. 

Xl.2. I . 2 .3  Sulfur Conrcnt limits are provided 
prim:irily for the purpoce of more completely defin- 
ing liquefied petroleum gas products since these 
prodricts are inherently much lower in sulfur con- 
tent than other petroleum-derived fuels. In the nor- 
mal fuel use applications for liquefied pciroleum 
gas. sulfur contcnt is considered to be of limited 
significance if the othei product characteristics are 
within the specified limits. 

XI .2. I .2.4 Muis ture  Conftwf is a measure of the 
approximate perccntnge saturation of the product 
“ith water. This measurement is R requirement, 
only on the commercial and special duty propane 
types of liquefied petroleum gas. The purpose of 
moisture content control is to provide assurance 
that pressure reducing regulators and similar equ ip  
men! uill operate consistently without troublesome 
freeze-ups caused by the dibtillation of dissolved 
water from the product. , 

q!h D 1835 

X1.2.1.2.5 Free  Wuter C‘ontenr is of importance 
only on the commercial PB-mixtures and commer- 
cia1 butane type roducts. These two types of prod- 
“CIS are norma& used under ambient conditions 

which are mild and, as  a consequence, the only 
requirement is vigilance to assure that no free wa-. 
ter is present. 

The American Sociery for Tesring and Moreriols tokcr no position respecting the validity of ony patent righu asdead in 
collnrcrion with any item mentioned in this standard. Users of rhis stondard are e~pressl~ advbed that deterniination of rk 
,m&iiy of ony s iuh  palent righrs, and the risk of irifringemenr of such rights, is enrirels their o w  r e ~ p o n s i b i l ~ .  

T]iiJ srundard is arbjecr to revision ut any time by the re.yonsible Iechnical committee and must be reviewed *very j ive 
not rcvired, either rropprovsd or withdrawn. Your winments are invittd either /ur revision of this stundurd or 

jOr odrliliunal .sru,vdards and Jhould be addressed to ASTM Iiemlquwk~rs. Yuur r o i ~ m ” s  will receive cnrejul consideralion 
a meeting o/ the responsible rcchnical commitlee. which you muy attend. , / ~ o u / e c l  that )our comments havr not received 

hearing you should muke your views known I O  the ASTM Committee on Stairu’urdc, 1916 Race Sf., Philadrlphia, Pa. 
1q1Oj. which will sthedule a furlher heuring regurding your commrnts. Fuiling su/is/action there, you muy upped , >  to the 
ASTM Board of Directors. 

and 



Highway Transports 

Increased f i l l i n g  d e n s i t i e s  would provide immediate cos t  bene f i t s  t o  
t h e  t r anspor t s  t h a t  were b u i l t  t o  comply with the  previous Federal  maximum 
weight l i m i t  of 73,280 lbs . ;  these  u n i t s  a r e  typ ica l ly  10,520 ga l lons  water 
capaci ty  (gwc). The present  Federal  weight l i m i t  of 80,000 l b s .  would allow 

- a LP-gas t r anspor t  t o  be about 11,500 gwc f u l l y  loaded. Units designed t o  
t h e  73,280 l b .  l i m i t  could add 3,073 lbs .  of propane from the  increased 
f i l l i n g  dens i ty  and s t i l l  be w e l l  under t h e  80,000 lb .  l i m i t .  
signed to  the  80,000 l b .  l i m i t  would not bene f i t  from add i t iona l  cargo 
capac i ty  s ince  they are already operat ing a t  the  maximum permitted weight. 
In  add i t ion ,  t he re  would be some long range savings i n  the  purchase of new 
t r a c t o r s  f o r  o l d e r  trailers which would not  requi re  the  addi t iona l  expen- 
d i t u r e  of  weight savings spec i f i ca t ions  i n  order  t o  haul  maximum gal lons .  

Units de- 

Based upon a review of var ious i s sues  of NLPGA LP-Gas Market Fac ts  
and o ther  sources ,  t he re  a re  approximately 7,000 t r anspor t s  i n  t he  United 
S ta t e s .  
t ake  advantage of t he  80,000 Ib. l i m i t ,  leaving an estimated 6,000 u n i t s  
t h a t  could bene f i t  from addi t iona l  t ranspor ta t ion  capacity.  

An estimated 1,000 of these  u n i t s  were designed and b u i l t  t o  

Typical Transport  10,520 gwc 
Average number of t r i p s  (November through March) 200 
Average haul ing c o s t  pe r  ga l lon  $0.02 

Difference i n  operat ing cos t  f o r  addi t iona l  t r anspor t a t ion  capaci ty  
is  negl ig ib le .  

Product Weight 

Proposed winter  f i l l i n g  dens i ty  (10,520 ga l )  (8.345 lb /ga l )  (4:85%1 = 42,578 lbs.; 
Current winter  f i l l i n g  dens i ty  (10,520 g a l )  (8.345 lb /ga l )  (45%) = 39,505 lbs. 

Increased product load 3,073 lbs. 

Increased ga l lons  hauled ( 3 , 0 7 3  lbs)5(4.24 lbs /ga l )  = 725 ga l lons  propane, 

Annual savings per  u n i t  (725 g a l / t r i p )  (200 t r ip s /win te r )  ($0.02/gal) = $2,092/unit 

Annual na t iona l  savings ($2,90O/unit)(6,000 u n i t s )  ='$17,400,000 
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Bobtails 

It is generally recognized in the industry that the average cost of 
delivery for a bobtail is about $0.10 per gallon. As noted below, about 
172 gallons additional LP-gas capacity would be realized with the proposed 
seasonal filling densities. This would permit one additional delivery per 
trip in most instances. 
half of the time, estimated savings during the winter months would be $0.05 
per gallon. This estimated utilization is actually quite conservative since 
most marketers deliver two truck loads a day during this November-March 
period. 

. If the increased capacity could be utilized only 

In the long run, the increased filling densities would also tend to 
reduce the average size of vehicles required, thus keeping them more maneu- 
verable and contribute towards reduced operating expenses. 

The following calculation is based on the estimated savings of $0.05 
per gallon, 25 days per month of deliveries, and one trip per day over the 
five winter months (November-March). A recent NLPGA survey concluded that 
there were about 18,000 bobtails in operation in the United States. 

Average truck size 

Average number of trips (November through March) 125 per truck 
Average savings per additional gallon capacity $0.05 

2,500 gallons water 
capacity (gwc) 

Product Gallons 

Proposed winter filling density (2,500 gal.)(8.345 lb/ga1)(48.5%) = 10,118 lbs. 
Current winter filling density (2,500 gal.) (8.345 lb/gal) (45%) = 9,388 lbs. 

Increased product load 730 lb.;. 

Increased gallons hauled (730 lbs)+(4.24 lb/gal) = 172 gallons propane 

Annual savings per unit 

(172 gal/load) (125 loads/winter) ($0.05/gal) = $1,075 per unit 

Annual national savings 

($1,075 per unit) (18,000 units) = $19,350,000 
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2 

I 
1 
1 
2 
IS 
69 

Lvcrmqe b z i m n  
nonthly f a l l  i r  

f a 1 1  24 hr. 

Inch.. 
0'4 1 . 2  
0.4 1 . 5  
0 . 3  1 - 5  
0.1 0.9 

< O - l  0.9 
cO.1  0-6 
0.2 1'4 
0.6 4 .0  

0.4 3.7 

.I 
0530 1200 

,.e C . " f .  

57 18 January 67 42 
Februmry 72 46 
G r c h  7Y so 
Apri l  86 S4 

y.Y 93 w 

August 104 77 

Jme IO2 68 
Jul Y 106 77 

59 27 
S8 21 
56 10 107 38 

104 
113 
113 
I l l  

109 
IO0 
87 
76 

57 18 
56 18 
63 27 
68 32 

66 19 
61 26 
57 26 
57 34 
W 26 
44 44 

0 - 3  2.5 
0.1 1 '7  
0'5 1.4 

October 

3-4  4.0 

75 7s 

LITTLE ROI ARKANSAS 

Rclstive hmidity Precipitmtim 
FPESNO 36"46'N. 119n43T. 3: 

Prrial 
1880- 1949 

Bibliograph, 
30. 32. 34 I 

f a l l  24 hr. 0.01 in. 
or marc 

P.r c.n1. I Inch.. I 
79 b!5 
78 61 
76 55 
77 54 

80 57 
81 51 
81 53 
8 4 5 3  

~ 4.8 5.8 
3 .8  5 . 2  
4.5 3 ' 4  
5 - 1  9'6 

4.9 6.3 
3'8 4.4 
3.4 6.2 
3.7 4 . 1  

I 
IO 
9 

10 
10 

10 
10 
9 
9 

J.nu.ry 
i rbruary 
March 
April 

y.Y 
June 
Jul Y 
CYgu1t 

Sep tenbtr 
October 
Novenber 
DCccnbe, 

Yemr . 
No. o f  ye.,, 

Jmnusry 
February 
Y.rch 
April 

y.Y 
J w e  
July 
August 

Septcrber 
October 
Novcnber 
Dccembcr 

54 38 
61 4 2  
66 44 

68 
74 
81 
88 

96 
105 
108 
105 

ID0 
91 
79 
68 

74 48 

81 s3 
91 59 
99 65 

87 69 IO5 5 1  
108 58 
110 52 

97 63 
89 58 
18 51 
66 4 3  
55 38 

4 . 1  5.9 
48.1 9'6 

43 I 3  5 1  70 

EIJRLXA 40O48.N. 124"ll'W. 60 f t .  
CALI  PORN 11 

Precipitation Period 
18e-3-I949 

Bibliography 
34. 36 

Tcwe r. t "re Relative humidity 

Average 
No. of 

days r i t h  
0.01 in. 
or more 

17 
I 5  
16 

. I2  
9 
5 
2 
2 

. 1878-1949 

30,  32, 34 

" A v r r a ~ e  0 1  l o r e s t  each year ' Avermge of highest cech year 
' Average o f  highcst emch ye., 

-.-*Cr.. -. -! . -. - 
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TEMPERATURE NORMALS (DEG F 1 

MAYlJUN I I -  

2 5 
4 

5 

3 8  
a 

NOV 1 DEC I ANN STAT I ON 

5 6  0 7 5 . 1  

4 2  3 5 9 . 4  

3 3 2  4 9 0  

2 8  b 4 3  1 

: i 6 7 4  8 4 1  

5 0  3 6 6  6 

qT@z=-- 3 3 . 8  

91 6 6  b 
3 3  9 1 5 6  3 

4 2  3 5 3 . 1  
? 7 . 5  2 1 . 6  
: 4 . 9  3 7  1 

T 3 . 1  4 9 . 2  

: : . 2  3 3 . 2  
i 3 . 6  1 7 . 2  

. 4 . 9  6 7 . 1  
: 2 . 9  3 1 . 4  
r 9 . 9  5 2 . 3  

'I, 1 4 8 . 2  
- 1 . 2  1 5 . 7  
- 3 . 1  3 2  0 

5 1 6 1 . 2  
. 2 .  1 3 6  3 
5 . 6  5 1 . 8  

5 . 7  6 7 . 5  
' 2 3 5 . 4  
3 5 5 1 . 5  

? . 9  6 1 . 4  
1 7  3 6 0  
5 3 4 8 . 7  

8 3  1 
4 9  8 
6 6  6 

6 3  . L  

3 9  0 
5 2  0 

:i 
4 6 7  3 
1 3 )  b 
31 4 9  9 

5 4  I 
6 8  0 

8 2  5 
4 5  I 
6 4  1 

MAX 
MIN 
MEA1 

MAX 
MIN 
MEA1 

MAX 
MIN 
MEAF 

MAX 
MIN 
MEAf 

MAX 
MIN 
MEA1 

MAX 
MIN 
MEAF 

MAX 
MIN 
MEA1 

/ / R  MAX 
MIN 
MEA1 

MAX 
MIN 
MEAE 

MAX 
MIN 
MEAT 

R MAX 
MIN 
MEA1 

JAN 

5 1 .  
2 0 . ,  
3 5 .  

6 7 .  I 
3 5 . <  
5 1  , I  

5 2 . 1  
2 2 . 1  
3 7  ' 

6 3 . :  
3 1  I 
A 1  1 

5 8 ,  ( 
2 5  : 
4 2 .  

4 4 . ;  
2 2 . ;  
3 3  r 

4 1  , <  
1 2 . f  
2 7 . 1  

4 5 . 1  
1 9 . c  
3 2 . 1  

4 6 . '  
2 3 . ;  
3 5 ,  : 

b 1 . f  
3 7  . l  

5 2 . <  

b 8 . 1  
4 3  ; 
5 5 . '  

FEB 
5 5  
2 2  
3 9  

1 2  
39 
5 6  

5 5  
2 5  
4 0  

6 8  
3 4  
5 1  

6 3  
2 6  
4 5  

4 7  
23 
3 5  

4 6  I 

1 7  
3 1  

5 3  
2 3  I 
3 8  

5 5  I 

2 8  
4 1  

7 3  
4 0  
5 6  

7 3  
4 6  
6 0  I 

MAR 

L O .  
2 4 .  I 
4 2 ,  I 

1 7 . .  
44 . I  
6 0 .  

5 9  
2 9 . 1  
4 4 . 1  

1 2 . :  
3 1 . 1  
5 5  I 

6 8  i 
3 1  I 
4 9 . 1  

5 0 . ;  
2 6 , :  
3 8 . 1  

5 1  . I  
2 2 . 1  
3 6 .  t 

6 0 .  
2 9 . 1  
4 4 . t  

6 2  I 
3 3 . :  
4 7  , <  

7 8 . ;  
4 4 .  : 
6 1  . :  

7 8 . 1  
4 9  1 

6 4 .  i 

WR 
6 8  
2 9  
4 8  

8 4  
5 0  
67 

6 7  
3 5  
5 1  

80 
4 3  
5 2  

1 7  
3 6  
5 6  

5 8  
3 2  
4 5  

60  
2 8  
4 4  

7 0  I 

3 6  1 

5 3  

7 1  
4 0  
5 6  I 

8 5  
4 9  
6 7  I 

8 5  
5 5  I 

1 0  

- 

7 6 .  
3 5 .  
5 6 . 1  

9 2 .  
5 7 . .  
1 4 . 1  

1 6 . 1  
4 2  I 
5 9  I 

90 : 

5 1 .  
7 0 .  I 

8 5  ' 
4 3  : 
6 4 . '  

6 1  1 
3 9  . '  
5 3 .  

1 0 .  ~ 

3 6 . '  
5 3 . '  

7 9 . '  
4 4 . 1  
6 2 . ;  

8 1  : 
4 8 . 1  
6 4 . '  

9 3 . '  
5 6 . 1  
7 4  . I  

9 3 . 1  
6 3 . 1  
7 8 . :  

~ 

8 6  
4 3  
6 4  

1 0 1  
6 6  
8 3  

87 
5 1  
6 9  

1 0 0  
5 9  
80 

9 5  
5 3  
74 

78 
4 8  
6 3  

8 1  
4 5  
6 3  

9 1  I 

5 3  I 
7 2  

9 2  
5 8  
7 5  

1 0 2  
6 4  
8 3  

I 0 2  
7 1  
8 7  

8 9 .  
5 3 . ,  
1 1  . '  

1 0 4  . '  
1 6 . '  
9 0  

90  ' 
5 9  
7 4 . 1  

104  ' 
7 0  ( 

8 i  

9 5  : 
6 3 . :  
7 9 . .  

8 2 . 1  
5 5 . '  
6 8  t 

8 5 . :  
5 4 .  
6 9 . 1  

9 4 . r  
6 3 . (  
7 8 . 1  

9 5 .  
6 5 . 1  
8 0 . '  

1 0 6 . :  
1 4 . 1  
9 0 .  

1 0 6  I 
80.1 
9 3 . t  

AUG 

8 6  
5 2  
6 9  

I03 
7 5  
89 

8 7  
5 7  
7 2  

1 0 1  
6 8  
8 4  

9 2  
b !  
7 6  

79 
5 3  
6 6  

82 
5 1  
6 1  

9 1  
6 1  
7 6  

9 2  
6 2  
11  

1 0 4  
1 4  
89 

1 0 5  
79 
9 2  

SEP 
8 3 .  
4 3 .  
6 3 .  

9 9 .  
6 1 .  
8 3 . 1  

8 3 .  ' 
5 1 .  
6 7 . 1  

9 6 . '  
6 0 . 1  
7 8 . '  

8 9 .  I 
5 3 .  I 
7 1 .  

7 4  . '  
4 8 . ,  
6 1  . I  

7 7 .  
4 3 . (  
6 0 .  I 

8 5 . I  
5 2 .  
6 9 . 1  

8 6 .  
5 6  I 
7 1  . '  

1 0 1 .  
6 1 .  
8 4 . .  

1 0 1  . '  

1 3 .  
8 7 .  

OCT 
1 3  
3 3  ' 
5 3  ' 
89 ' 
5 4  ' 
1 2  8 

1 4  
4 1  
5 7  

8 6  ' 
4 8  
6 7  4 

1 9  I 
4 1  
6 0  l 

6 5  4 

3 8  
5 2  , 

6 1  1 
3 2  1 
4 9  t 

1 3  ' 
4 0  1 
5 6  I 

7 4  1 

9 5  
5 9  

90 ' 
5 5  ( 

1 3  1 

9 0  ' 
6 1  I 
1 6  1 

NOV 

6 0 .  
2 4 .  
4 2 .  

7 6 .  

5 9 .  

6 2 .  
2 9 .  
4 6 .  

1 3 .  
37. 
5 5  

6 7 .  
3 0 .  
4 8 .  

5 3  
2 8 .  
4 1 .  

5 3 .  
2 1  , I  

3 7 .  

5 1 .  
2 7 . 1  
4 2 .  

5 8 .  
3 2 .  
4 5 .  

7 7 .  
4 4 .  
6 1  . I  

1 1 .  
5 0  
6 3 .  

4 2 .  

DEC 
- 

5 2 .  I 
1 9 . '  
3 5 .  I 

6 8 .  
3 5 . .  
5 1 .  

5 4 . .  
23: 
3 8 .  I 

6 5  _ '  
3 1  . ,  

4 8 . '  

5 9 . '  
2 5  
4 2 .  

4 6 .  
2 3 . 1  
3 5 . ;  

4 4  . I  

1 3 . 1  
2 9 .  

4 6 . 1  
1 9 . :  
3 2 .  

4 7 . ;  
2 4 . :  
3 5 . 1  

6 8 . '  
3 8 .  
5 3 . 1  

6 9 .  
4 3 . 1  
5 6 .  I 

1 0 . 3  
3 3 . 6  
5 1 . 9  

8 6 . 5  
5 3 . 6  
7 0  0 

1 0 . 9  
39 2 
5 5 . 1  

83.8 
4 7 . ;  
6 5 .  7 

1 1 . 7  
4 0 . 8  
5 9  3 

6 2 . 4  
3 6 . 8  
4 9 . 6  

6 3 . 5  
3 1  . 5  
4 7 . 5  

7 0 . 6  
3 9 . 1  
5 4  9 

7 2 . 1  
4 3 . 2  
5 1 . 1  

8 1 . 4  
5 4 . 0  
70.8 

8 1 . 8  

1 3 . 9  
5 9 . 8  . 

I 


